A novel psychrotolerant bacterium, designed strain M6-79 T , was isolated from an arctic glacial foreland soil sample collected from Ny-Å lesund in the Svalbard Archipelago, Norway. 
The genus Roseomonas belongs to the family Acetobacteraceae within the order Rhodospirillales, class Alphaproteobacteria. Rihs et al. (1993) first established the genus Roseomonas for pink-pigmented cocci isolated from clinical sources associated to human infections, and then the genus description was emended by Sánchez-Porro et al. (2009) and Venkata Ramana et al. (2010) . The genus Roseomonas is characterized by having ubiquinone Q-10 as predominant quinone and polar lipid profiles exhibiting diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidylcholine. The fatty acid profile is typical of Alphaproteobacteria and includes C 18 : 1 v7c as the predominant fatty acid in addition to C 16 : 0 and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and the rarely found fatty acid C 18 : 1 2-OH (Lopes et al., 2011) . The DNA G+C content of the genus Roseomonas is 65.8-73.0 mol%. (Sánchez-Porro et al., 2009; Kim et al., 2013) . Members of the genus Roseomonas are widely distributed in various environments, such as drinking water distribution systems (Gallego et al., 2006; He et al., 2014) , freshwater lake sediment (Jiang et al., 2006) , soil (Yoon et al., 2007; Kim & Ka, 2014.) and air (Yoo et al., 2008; Kim et al., 2013) . Moreover, species of the genus Roseomonas have been isolated from blood, wounds, exudates and abscesses (Bibashi et al., 2000; Rihs et al., 1993; Sandoe et al., 1997; Subudhi et al., 2001) . In this study, we have isolated and characterized a psychrotolerant bacterium from an arctic glacial foreland soil, and proposed it represents a novel species of the genus Roseomonas.
Strain M6-79
T was isolated from an arctic glacial foreland soil sample collected from Ny-Å lesund (788 549 N 128 069 E) in the Svalbard Archipelago, Norway. The pH, temperature and humidity of the soil sample were 7.8, 11.5 8C and 10 %, respectively. The soil sample was serially diluted with sterile 0.85 % (w/v) NaCl solution, and aliquots of the dilutions were plated on R2A (BD) plates and incubated at 4 8C. T were routinely cultured on nutrient agar medium (NA; BD) at 20 8C and stored as a freeze-drying tube with 17 % (w/v) skimmed milk at 4 8C.
Chromosomal DNA was extracted with a bacterial genomic DNA isolation kit (Shanghai Chaoshi Bio Technologies). The 16S rRNA gene was amplified by PCR using the bacterial universal primers 27f (59-GAGTTTGATCCTGGC-TCAG-39) and 1492r (59-GGTTACCTTGTTACGACTT-39) (Rainey et al., 1996) . The PCR product was purified with an ENZA gel extraction kit (Omega Bio-Tek), ligated into pMD 18-T vector (TakaRa) and sequenced by Invitrogen Biotechnology. An almost full-length sequence of strain M6-79 T was obtained (1454 bp). Sequence similarity was calculated by pairwise alignment obtained from the EzTaxon-e database (Kim et al., 2012) . Phylogenetic analysis was performed by using the software package MEGA version 6.0 (Tamura et al., 2013) after multiple alignment of the data via CLUSTAL W (Thompson et al., 1994) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) methods. Evolutionary distances for the neighbour-joining algorithm were calculated with Kimura's two-parameter method (Kimura, 1980) . Bootstrap values were determined based on 1000 replications (Felsenstein, 1985) .
Sequence comparisons with 16S rRNA gene sequences from the EzTazon-e database showed that strain M6-79 T had the highest similarity with Roseomonas aquatica TR53 T (95.2 %), Roseomonas lacus TH-G33 T (94.3 %), 'Roseomonas sediminicola' FW-3 (94.3 %), Roseomonas terrae DS-48 T (94.1 %) and Roseomonas soli 5N26 T (94.1 %). The neighbour-joining tree ( Fig. 1) showed that strain M6-79 T was grouped with the members of the genus Roseomonas and formed a distinct cluster distinguishable from the other species of the genus Roseomonas. The topology of the maximum-parsimony and maximum-likelihood trees were essentially the same as that of the neighbour-joining tree.
The growth of strain M6-79 T was assessed on NA, R2A, 0.36R2A, 0.56NA, TSA (BD), marine broth 2216 (MB; BD) and 0.56MB. Cell morphology was examined by using phase-contrast (BX51; Olympus) microscopy. Flagellation was observed by transmission electron microscopy (8100; Hitachi) after negative staining with 1 % (w/v) phosphotungstic acid. For Gram staining, cells were stained according to the classical Gram procedure described by Doetsch (1981) . Growth was determined at 0, 4, 10, 18, 20, 25, 28, 37 and 42 8C on NA medium for 2 weeks. The pH range for growth was tested in nutrient broth (NB) medium containing 100 mM acetate buffer, 100 mM phosphate buffer or 100 mM NaHCO 3 /Na 2 CO 3 at pH 3.0-5.0, pH 6.0-8.0 and pH 9.0-11.0, respectively. Salt tolerance was evaluated in NB supplemented with 0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5 % (w/v) NaCl. Anaerobic growth was assessed in an anaerobic chamber (Oxoid) on NA for 1 month. Catalase activity was tested by the production of bubbles after the application of 3 % (v/v) hydrogen peroxide solution. Oxidase activity was determined via the oxidation of 1 % p-aminodimethylaniline oxalate. Hydrolysis of starch, Tweens 20, 40, 60 and 80, chitin, tyrosine and casein was determined as described by Smibert & Krieg (1994) . DNase activity was evaluated by adding 0.01 % (w/v) herring sperm DNA and methylene blue (0.01 %, w/v) on NA plates. Other physiological and biochemical tests were investigated by using API 20E, API 20NE and API ZYM strips (bioMérieux) incubated at 20 8C according to the manufacturer's instructions. The API 50CH system (bioMérieux) was used for the determination of acid production from carbohydrates or for the assimilation of these compounds as sole carbon and energy sources. Sensitivity to antibiotics was tested on NA plates by using the disc diffusion method (Bauer et al., 1966) , with antibiotic discs (Hangzhou Microbial Reagent Co., LTD) containing the following (mg per disc): chloramphenicol (30), kanamycin (30), bacitracin (10), tetracycline (30), vancomycin (30), amikacin (30), streptomycin (10), ampicillin (10), cephalothin IV (30), tetracycline (30), novobiocin (5), rifampicin (30) and vancomycin (30).
T grew well on R2A, NA and 0.56NA, but not on TSA, MB or 0.56MB. Colonies were red-pigmented, circular, raised and smooth. Growth occurred at 4-25 8C (optimally at 18-20 8C) and at pH 4.0-8.0 (optimum pH 6.0-7.0). Cells of strain M6-79 T were aerobic, Gramstain-negative and rod-shaped. H 2 S production, indole production and activities of b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization and tryptophan deaminase were negative. Urease activity was positive and acetoin production was negative. Acids were produced from D-adonitol, D-sorbitol, raffinose and D-arabitol and weakly from melibiose, but not from D-glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin or arabinose. Resistant to vancomycin and cephalothin, but sensitive to chloramphenicol, kanamycin, bacitracin, tetracycline, vancomycin, amikacin, streptomycin, ampicillin, cephalothin IV, tetracycline, novobiocin and rifampicin. The morphological, physiological and biochemical characteristics of strain M6-79 T are summarized in the species description. The features that can be used to distinguish strain M6-79
T from related species of the genus Roseomonas are shown in Table 1 .
For cellular fatty acid analysis, strain M6-79 T and the reference strains R. aquatica DSM 19438 T , R. lacus DSM 19439 T , 'R. sediminicola' KACC 16616, R. terrae KCTC 12874 T and R. soli KACC 16376 T were cultured on NA plates incubated at 20 8C. Cells were harvested from the third quadrant of the quadrant-streaked plate. The extraction of cellular fatty acids was performed according to the protocol of the Sherlock Microbial Identification System (MIDI; version 6.0). Separation and identification of fatty acid methyl esters was performed using a gas chromatograph (6890N; Hewlett Packard) with MIDI TSBA6 version of the database (Sasser, 1990 ).
For determination of polar lipids, polyamine patterns and respiratory quinones of strain M6-79 T , cells were grown in NB at 20 8C for 10 days until the culture reached late exponential phase and cells were then harvested by centrifugation. Cellular polar lipids were extracted and analysed on silica gel plates by two-dimensional TLC (layer thickness 0.2 mm; Merck) according to Tindall (1990) . The polyamines of strain M6-79 T and R. aquatica TR53 T were extracted and analysed as described (Busse & Auling, 1988; Busse et al., 1997) . For respiratory quinone analysis, strain M6-79 T and R. aquatica DSM 19438 T were used in this study. Respiratory quinones were extracted and analysed by using HPLC as described by Xie & Yokota (2003) . The DNA G+C content of strain M6-79 T was determined by HPLC (UltiMate 3000; Dionex) according to the method of Mesbah et al. (1989) .
The major fatty acids of strain M6-79 T were C 18 : 1 v7c (57.0 %), C 16 : 0 (15.2 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c, 5.3 %). The fatty acids profile was similar to those of the related species of the genus Roseomonas (Table S1 , available in the online Supplementary Material). However, there were some differences with respect to the reference strains, for example, strain M6-79 T contained lower amounts of C 18 : 1 2-OH, while the reference strains contained higher percentages (except 'R. sediminicola' KACC 16616). The polar lipids present in strain M6-79 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, one unknown aminolipid and one unknown lipid (Fig. S1) . Analyses of polyamines revealed spermidine as the predominant component. The polar lipids and polyamines of strain M6-79 T are all in line with the common traits of the genus Roseomonas. (Sánchez-Porro et al., 2009) . For quinone analyses, strain M6-79 T contained Q-9 as the unique respiratory quinone, which differs from the characterization of the genus Roseomonas in which Q-10 was described as the major quinone (Lopes et al., 2011) . The respiratory quinone analysis was performed
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Acetobacter orientalis 21F-2 T (AB052706) On the basis of data from phenotypic, genetic and chemotaxonomic analyses, strain M6-79 T represents a novel species of the genus Roseomonas, for which the name Roseomonas arctica is proposed.
Description of Roseomonas arctica sp. nov.
Roseomonas arctica (arc9ti.ca. L. fem. adj. arctica northern, from the Arctic, referring to the site where the type strain was isolated).
Cells are rod-shaped, 0.7-0.9|1.9-3.2 mm, aerobic, Gramstain-negative, non-motile and without flagella. Colonies are red-pigmented, circular, raised and smooth. The optimal growth medium is NA, but capable of growth on R2A and 0.5|NA. Growth occurs at 4-25 uC, but not above or below this range. The optimal temperature for growth is 18-20 uC. Growth occurs on NA medium with addition of 0-0.5 % NaCl (optimal growth without NaCl), and the pH range for growth is pH 4.0-8.0 (optimum pH 6.0-7.0). Positive for hydrolysis of Tween 20, but negative for hydrolysis of Tweens 40, 60 and 80, chitin, tyrosine, casein, DNA and gelatin. The reduction of nitrate is negative. Oxidase-negative, but catalase-and urease-positive. Negative for activities of b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, H 2 S production, tryptophan deaminase, indole production and Voges-Proskauer reaction. Negative for assimilation of D-glucose, D-mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin, arabinose, mannose, mannitol, potassium gluconate, capric acid, adipic acid, malate, trisodium citrate and phenylacetic acid. Alkaline phosphatase, esterase (C4), esterase lipase(C8), trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are positive, and leucine arylamidase activity is weakly positive. Acids are produced from D-adonitol, raffinose, D-sorbitol and D-arabitol. The unique isoprenoid quinone is Q-9 and the major fatty acids are C 18 : 1 v7c, C 16 : 0 and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The polyamine pattern is characterized by the predominant compound spermidine. The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, one unknown aminolipid and one unknown lipid.
The type strain, M6-79 T (5CCTCC AB 2013101 T 5LMG 28251 T ), was isolated from arctic glacial foreland soil. The DNA G+C content of the type strain is 71.2 mol%.
